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I. 

In the course of an investigation of the commensal prawns of 
the subfamily Pontoniinte, it became necessary for me to compare 
their mouth-parts with those of the free-living Palsemoniinje, in 
order to discover whether there existed between these groups 
any difference, in the organs in question, which might correspond 
with the difterence in the diet of the animals. For the most part 
I have taken as representative of the Palsemonin?e the Common 
Prawn (^Leander serratus), in which I have studied in some 
detail the structure and arrangement of the mouth-parts, and 
endeavoured, by the observation of living specimens, to find out 
how the organs in question are used. Surpi-isingly little trace 
has appeared of such structural differences between the sub- 
families as I was looking for, but my observations have suggested, 
with regard to the morphology and functions of the parts around 
the mouth of Paljemonidje, certain reflections and conclusions 
which form the subject of this communication. 

II. 

1 . The morphology of the jaws of Malacostraca is still in a 
good deal of confusion, and there is much disagreement as to the 
relation of the parts of each of them to those of other crustacean 
limbs, and even as to the names to be applied to certain of their 
processes or “ lacinife A great part of this difiiculty arises 
from the fact that no theory as to the primary form of limb of 
which all the appendages of Crustacea are modified representatives 
has met with general acceptance. This thorny question is not 

* I have not, in this summary article, made an 3 " reference to the literature of the 
subject. The contributions of Beecher, Boas, Claus, Coutiere, Hansen, Huxley, 
Lanhester, Packard, Thiele, and others to our knowledge of homology of the limbs 
of Cmstacea are well known to those who are interested in the subject. The reader 
w'ill readily gather in what respects my views differ from or agree with those 
expressed by each of them, and it is needless to emphasize the fact that all present 
speculation must be based upon the foundation they have laid. 
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only raised by the jaws of Malacostraca, but receives from the 
study of some of them — notably from that of the maxilla — 
considerable elucidation. The following, briefly stated, are the 
considerations in regard to it which have influenced the 
morphological suggestions put forward in the present paper. 

2. It is not to be assumed without question that a prototype 
can be found from which all the limbs of all Crustacea can be 
derived by modification. The mere fact that appendages stand 
in the same position on the bodies of two or more segmented 
animals, or are membei'S of the same meristic series in one 
animal, aflbi'ds no ground for the assumption that there exists 
a common plan which underlies the arrangement of the parts of 
each of them. Moreover, even when there ai*e resemblances be- 
tween them, such a conception as that of a common type of them 
is of no use to the zoologist unless the plan of the type does 
not merely exist in the imagination of the observer, but has or at 
some time had an objective existence as a factor in development. 
Resemblances between two limbs ma}^ be due either solely to ex- . 
trinsic causes — that is, to influences from without the organisms, 
which have brought it about that different developmental pro- 
cesses result in similar structures in the two cases, — or also to 
intrinsic causes — that is, to the operation of identical develop- 
mental factors. Only in the latter case has a common plan for 
the two limbs an objective existence. Conceivably such a plan 
may not be due to community of ancestry in all instances. When 
two appendages closely resemble one another — as do, for instance, 
the various antenniform limbs of Arthropoda — it is possible, 
and sometimes probable, that there exist in the mechanism of 
development facilities for establishing such organs, and that 
these have come into pla 3 mndependently more than once, forming 
appendages upon the same plan. This principle, however, is of 
limited application. Even in the ca,ses which suggest it, it can 
never be applied save to actual features which exist in all the 
limbs under comparison. To assume the existence of a plan of 
which some features are not realized in each limb is quite unjusti- 
fied, except on the hypothesis of the common inheritance both of a 
type of limb and, in the case of serial resemblance, of communitv 
of type between the members of the series of limbs To look 
for traces of a common type in structures in which it is so little 
obvious as in the appendages which appear to correspond in 
different Crustacea would be absurd, unless there were grounds 
for believing that their possessors were descended from a common 
ancestor ; and if we are also to find community of type between 
the several limbs of each individual crustacean, then such com- 
munity must have existed among the appendages of the ancestor. 

* The resemblances here classed as due to extrinsic causes are those which are 
generally classed under the head of Analogy. Those which are due to common 
descent are instances of Homology. Those which are due to independent operations 
of the same developmental facilities (if such there be) form a third class not strictly 
the same as either Analogy or Homology. 
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For if (as miglit well be, l)y bomooosis) it were iiidepeiifleHtly 
established in any members of the 8ul)pbyhim, then the altered 
limbs would lose what they had in common with tlie corresponding 
limbs of other Crustacea. 

3. In point of fact, however, there can be no doubt tliat the 
Crustacea are inonopliyletic, and it is veiy highly probable that 
their ancestor possessed a complete series of similar limbs. The 
widest gaps in the crustacean system are those which separate 
the Copepoda and the Ciriipedia from the rest of the subphylum, 
but it is quite impossible even in these cases to entertain the 
suggestion of an independent origin. The occurrence of the 
nauplius would by itself negative this. That in tlie common 
ancestor of the group all the limbs, with the possible exception 
of the antennules, conformed to one type ma.y be gathered Avitb 
some confidence from the conditions in Branchiopodaand Trilobita. 
The Bi’anchiopoda are certainly the most primitive of existing 
Crustacea. They alone possess in a simple form — allow^ance being 
made for certain obvious specializations, such as the degeneration 
of the mouth-parts — all the elements of the organization of every 
other class of the subphylum, and their suggestive resemblances 
to the Annelida are the only indications of affinity with other 
phyla shown by any recent members of the group. These facts 
fairly entitle them to be regarded as indicating broadly the 
ancestral featui’es of the Crustacea. It is needless to dw^ell upon 
the fact that their trunk-limbs are all of one type, and, although 
that type becomes unrecognizable in their maxillae and maxilhdcs, 
its presence in these limbs of other groups (Ostracoda, Malaco- 
straca, and Copepoda) supplies the lacking evidence hei'e. In the 
Trilobita, which are without doubt related to the forbears of the 
Branchiopoda, a single type of limb extends throughout the 
body, from the antennae backwards. It is not possible to avoid 
attidbuting to the ancestor of the Crustacea that similarity of 
appendages which characterizes these gi-oups. This, of course, 
is not to say that the limbs of the fii’st crustacean resembled 
closely either those of the Triloliita or those of the Branchiopoda. 
The form of the primitive crustacean appendage can only be 
conjectured with probability after compai-ison of all those which 
may be assumed to be derived from it. But, wdiatever it ma)^ 
have been, the foregoing considerations justify the belief that it 
existed, and tliat from it can be derived all the post-antennular 
limbs of every member of the subphylum, 

4. The primitive limb of the Crustacea must have been of the 
kind to which the terms leaf-like ” and ph}dlopod ’’ are 
applied — that is, flattened, lobed, and feebly, if at all, jointed 
(text-fig. 2). This is a priori likely in view of the structure of 
the parapodia of Annelida, and seems established by the wa}^ in 
which the phyllopod limb is distributed among the Crustacea, 
occurring as it does throughout the trunk of Bi’anchiopoda 
(text-figs. 3-5), on the hinder and presumably less mature, 
segments of Triarthrus (text-fig, 6), in Leptostraca (on the thorax. 
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text-fig. 8), and in the hinder part of the head of all groups. 
Whether it was biramous, like most parapodia, the limbs of the 
Trilobita and many of those of the higher Crustacea, is another 
question. In the majority of biramous crustacean limbs the 


Text-figure 1. Text-figure 2. 



Par^fpodium of Eunice maxima, Hypothetical limb of 
after Elilers. proto-phyllopod. 

For lettering see p. 71. 


Text-figure 3. 



Tenth thoracic limb of Apus sp. 
For lettering see p. 71. 


protopodite and endopodite form an axis to which the exopodite 
is appended, while the trunk-limb of the Branchiopoda is so 
clearly uniramous that there is discussion as to which of its 


* But see footnote to p. 48. 
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Text-figure 4. Text-figure 5. 



Tlioracic limb of Cliiro^ First thoracic limb of Limnadia 

cephaluH sp. lenticuJaris^ after bars. 

For lettering see p. 71. 


Text-figure 6. Text-figure 7. 



Anterior pygiclial limb of One of the anterior 

Triarthrns heclci, drawn thoracic limbs of the 

from a model by Beecher. 

For lettering see p. 71. 

♦ 


same. 
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processes represents the exopodite. Probably the primitive 
crustacean appendage (text-fig. 2) resembled that of the Branchio- 
poda in being imiramons. On its outer side this limb must have 


Text-figure 8. 


Text-figure 9. 



Thoracic lirah of I^ehalia sp. Outline of axis of thoracic limb of 

old female of the same. 

For lettering see p. 71- 


Text-figure 10. 



Thoracic limb of Faranebalia longipes, after Sars, joints added 
after Thiele. 

For lettering see p. 71. 

borne near its base several epipodites. There is no necessity to 
suppose that these were present to the full number of the gills 
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and other ejDipoditic structures that may be found on a single 
segment in various Malacostraca It is highly probable that 


Text-figure 11. 



Maxilliped of Calanus sp. 
For lettering see p. 71. 


Text-figure 1 2. 



Maxilliped of Anasjpides, after Caiman. 
For lettering see p. 71. 


Text-figure 13. Text-figure 14. 




Maxilla of fJalanus sp. Maxilla of Nehalia sp. 

For lettering see p. 71. 

either branching and subsequent division, or meristic repetition 
has taken place here. But it is not unlikely that the presence 

* See Ann. Mag. Xat, Hisf. set. 7, vol. xix. p. 462 (1907). 
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of three epipodites (the epipodite proper and two pro-epipo- 
dites ”), as, for instance, in Chirocephalus (text-fig. 4), is a primitive 
feature. Beyond the epipodite stood a longer process, the 
flabellum, which may have been slender, like those of Concho- 
straca (text-fig. 5) and the exopodite of Pai'anehalia (text-fig. 10), 
but is perhaps more likely to have been broad, like that of Ajms 


Text- figure 15. Text-figure 16. 



Text-fig. 15. Maxilla of Cerafaspis, after Boas. 

„ 16. Larval maxilla of FentBus, after Claus. 

„ 17. Maxilla of Anisocaris, after Ortmann. 

„ 18. Larval maxilla of Falcemonetes, after Boas. 

For lettering see p. 71. 

(text-fig. 3) and the exopodites of most Leptostraca (text-fig. 8) 
and of the decapod maxilla (text-figs. 15-18, and 47). It pro- 
bably extended both distally and proximally from its attachment, 
like the conchostracan and notostracan flabella and the maxillary 
expedite of Decapoda. The axis of the limb ended in an apical 
lobe, and on the inner edge stood a row of endites. It does not 
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follow, from tlie fact that these, witli the member resembling 
them which probably represents the apical lobe, number six in 
many Branchiopoda, that the primitive limb possessed only that 
quota. In certain cases the series is more numerous. Thus in 
Anostraca it has probably seven members''*^, the maxillfeof certain 
decapod larvae (text-figs. 16, 17) certainly possess eight, and the 
same limb of Ceratasjns (text-fig. 15) bears nine. If, as seems 
likel}q the first member is missing in the maxilla of Calanns (text- 
fig. 13), there is evidence heremlso that the series may consist of 
eight endites and an apical lobe. It may be that the ancestral 
crustacean possessed even more endites, but there is some i-eason 
for believing that it had eight only, since, as will be shown later, 
that number allows an arrangement which corresponds with the 
segmentation of the thoracic limb of Malacostraca, and with what 
was probably the primitive structure of the maxilla both in 
Decapoda and in Copepoda. If this view be adopted, there may 
be recognized in the primitive crustacean limb nine successive 
regions — eight represented by the endites and a ninth consisting 
of the apical lobe. These regions would be potential segments, 
since jointing would certainly take place between the endites rather 
than across them, as, in point of fact, it is seen to have done 
in Triarthrus (text-fig. 6), in the larval maxilla of Peufmis (text- 
fig. 16), and in Notostraca (text-fig. 3). In the latter there may 
be found, immediately behind the attachment of each endite, a 
distinct articulation. In the case of the distal members of the 
series, the articulation extends only as far as the longitudinal scle- 
rite by which the part of the axis that bears the subapical lobe, 
fiabellum, and epipodite is separated from the rest. Just behind 
the fiabellum, however, a very sharp jointing extends right 
across the limb, and another less marked articulation i-uns from 
the base of the epipodite to the inner margin, which it reaches 
just above the attachment of the blunt-ended proximal endite. 
Yet another articulation, starting from that just mentioned, 
joins the inner edge of the limb behind the base of the first of 
the large, pointed endites, thus cutting off a roughly triangular 
segment which in Apus, but hardly in Leiyidurus. projects as a 
small lobe like an endite f. 

The proximal endite — the gnathobase — of the primitive limb 
may be judged from the evidence afforded by the Branchiopoda 
and Triarthrus to have differed in shape from the othei'S, been 
directed towards the mid-ventral line of the body, and served for 
the manipulation of food. Probably it had a stout, blunt end, 
set Avith rows of strong, short bristles (text-fig. 27). The 
remaining endites were, most likely, subsimilar to one aiiothei*. 

5. It is natural to attempt to derive this limb from the parapo- 
dium of an Annelid ancestor. If the limb was uniramous, we must 
seek for analogies among uniramous parapodia, such, for instance, 
as those of the Syllidte or the Eiinicidse. In the latter family 

* See footnote to ]>, 18. 

t See footnote, p. 48. 
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(text-fig. 1), the arrangement of the parts is strikingly suggestive 
of those of the phyllopod limb, the so-called “dorsal cirrus” — 
really the notopodium, whose small size and position upon the 
base of the large straight neuropodium make the parapodinm 
uniramous — standing for the fiabellum, the gill for the epipodite, 
and the short, broad, ventral cirrus for the gnathobase. Needless 
to say, no more than analogy can be claimed for this likeness. 
The point of origin of the Arthropoda from their worm-like 
ancestors is not to be settled merely by a general and hypothetical 
x^esemblance of the limbs. 


Text-figure 19, 



Maxilla of Lj/siosquilla macnla/ao 
For lettering- see p. 71. 

6. It has already been pointed out (p. 39) that the presence 
upon tlie hindei* part of the head of Malacostraca, Ostracoda, and 
Copepoda of appendages not greatly modified from the assumed 
primitive type (text-figs. 13-21) justifies the surmise that in the 
original crustacean the series of similar limbs extended further 
forwai’d than in Branchiopoda. Probably it i*esembled that of 
the Trilobita in including all the appendages behind the anten- 
nules, but comparison of the maxilla of the Decapoda wi^h the 
pygidial limbs of Triarthrm suggests that there was less unlike- 
ness between the extreme members than in that genus. Each 
appendage was no doubt capable of being used for swimming, for 
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tlie iTiRni[)ulation of food, and for respiration. In all recent 
Crustacea, however, the specialization of certain of the limbs for 
each of these functions, and for a fourth, contact with large 
bodies, such as prey, or the substratum, has caused them to 

Text-figure 20. 




Test-fi^. 20. Max'illnle of Calamoi sp, 
„ 21. Maxillule of Cypris sp. 

Tor lettering see p. 71. 


depart in various directions from the type. Those which were 
specially adapted for swimming became biramoiis those for 

^ This change must have taken place more than once. It is already established, 
for instance, in the antennae and larval mandibles of various Branchiopoda, which 
show no trace of it in their other limbs, and it is well developed npon the abdomen 
of the Nehalia, while it is still b\Tt incipient in the thorax. The Conchostraca 
(text-tig. 5), whose trunk-limbs are almost hiramous, show how easily that condition 
can arise by an alteration in the proportions of the parts of the limb. 
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mastication developed the gnathobase with or without some of the 
other endites, those for respiration the epipodites, and those for 
contact with large objects the main axis. Generally speaking, the 
limbs which in the adult are adapted to other functions than 
swimming are in the larva (and were perhaps at one time through- 
out life) natatory, and retain in their later condition traces of the 
biramous plan, so that they may be regarded as belonging to the 
biramous type. In becoming biramous, the limb has lost its leaf- 
like character. This has in all cases befallen the antennse and 
mandibles, which, precociously adapted in the Nauplius to swim- 
ming, never exhibit the primitive configuration. On the other 
hand, the maxilhn almost invariably retain a good deal of resem- 
blance to the phyllopod prototype, probably because their position 
makes it impossible for them to be of much use either as jaws or 
for swimming. The trunk-limbs of Branchiopoda are phyllopod, 
and show in some detail the features which it is necessary to 
attribute to those of the ancestral crustacean * ; those of the 
other groups are biramous t, with the exception of the thoracic 
appendages of the Leptostraca, which exhibit various degrees of 
transition from the phyllopod to the biramous condition. 


* The lobes of the trunh-limbs of Branchiopoda (text-figs. 3-5) are exceedingly 
difficult to homologize. It seems, for instance, quite possible that the Anostraca 
have-no flabelluin, and that the structure known by tliat name which is jointed to 
the end of tiieir limbs corresponds to the so-called last (sixth) ‘^endite” of Jpiis and 
Limnadia, If so, however, an additional endite must be intercalated into the series 
in Anostraca or excalated from it in Notostraca, for in the former group there are 
six of these lobes before the terminal structure in question, but in the latter only 
five. The facts of meristic variation would explain this discrepancy without 
difficulty, but the actual solution is probably indicated by the presence in Aptis, 
thonsh l 3 arely in Iiepidurns, of what looks like a vestigial endite, standing in the 
gap between the first and that which has been regarded as the second of the series. 
This little lobe bears no bristles, but the section of the axis opposite it is defined by 
lines of soft cuticle, such as those which mark out the segments of the other endites. 
If there he here a true endite, the series in Apus corresponds with that of Anostraca. 
Lepidurus must then be considered to have lost the second endite (though not its 
segment), and in Limnadia it has perhaps fused with the third. It is true that 
this hypothesis is open to the objection that it brings the epipodite opposite the 
third endite, but such a displacement presents no great difficulty in view of the 
vestigial nature of the supposed second segment, which does not reach the outer 
edge of the limb, and of the fact that the epipodite is attached not wholly to the 
third segment, but astride of the articulation between it and the portion of the limb 
proximal to it. Again, the little process known as the “subapical lobe,” present in 
Apus and Branchipus, but barely or not at all represented in some other genera, as 
Chirocephalus ?i\\^ Limnadia, 'iWiiy ov may not represent the true end of the axis 
of the limb. If it does not, then the apex must be the so-called last endite. This 
(if the above conjecture with regard to the flabelluin of Anostraca be true) is always 
an organ sui generis, separated by a more or less distinct joint from the rest of the 
limb. In eitlier case, the condition of the apical lobe in the Branchipoda is 
abnormal as compared with that which it shows in the larval maxilla of the 
Decapoda and in Triarthrus, which in this respect probably more nearly represent 
the ancestral Crustacea. To judge from the thoracic limbs of Nehalia (text-fig. 9), 
whose end-joint differs strongly from the rest and is much more sharply articulated, 
the appendages upon the trunk of the phyllopod ancestor of the Malacostraca must 
have resembled those of the Branchiopoda in respect to the apical lobe. 

t The limbs of the Trilobita (text-figs. 6, 7) present an interesting problem in 
that, while they are undoubtedly biramous in the sense of consisting of two subequal 
rami upon a common stem, their “ exopodites ” are inserted in a different position 
from thoi-je of recent Crustacea or from the flabella of the Branchiopoda. The 
“ cndopodite” of the pygidial limb (in Triarthrus) is clearly comparable with the 
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7. The relation of tlie parts of the biramous limb to those of 
its leaf-like forerunner may be elucidated by a study of actual 
phyllopod appendages. It would seem that the llabelluin is 
represented by the exopodite, and the main axis, ending in the 
apical lobe, by the protopodite and endopodite. In regard to the 
exopodite, the evidence of the Leptostraca, in which it is flattened 
and bears just the same relation to the other parts of the limb as 
the habellum, is too strong to be set aside without more con- 
vincing reasons than have been adduced. Theories which 
disregard this consideration depend upon the precarious support 
afforded by a comparison of the arrangement in various cases of 
the endites. These structures, however, are very variable and 
dilhcult to homologize, and in particular those of the maxilla, 
which in adult reptant Decapoda appear to suggest that the fifth 
and sixth endites have become endopodite and exopodite, have in 
more primitive members of the same group a quite different 
aspect, which supports strongly the theory stated above. The 
lai‘v^a3 of various Carides, as, for instance, that of Palceinonetes 
(text-fig. 18), show at the base of the endopodite of the maxilla, 
in the region of the ischipodite, a distinct fifth endite. In other 
cases, as in Anisocaris (text-fig. 17) and Fenceiis (text-fig. 16), 


axis of the pli^^llopod limb, and in shape more nearl}^ resembles the larval maxilla 
of a Decapod than the trunk-limb of a Braiichiopod. It is remarkable only for the 
comparatively unimportant facts tliat the region of the third and fourth endites, 
instead of forming a single joint (the basijjodite), is divided by an articulation ini j 
two, each of which bears one endite, and that beyond the fourth endite the limb Iuh 
but four segments, instead of the five which the maxilla of Cerataspis (text-fig. 15) 
indicates as the full complement of the corresponding region of the decapod limb. 
It does not seem impossible that an additional segment may eventually be 
discovered at the end of this appendage. The conditions are none too clear in 
Beecher’s model. The “exopodite,” however, stands upon the segment of the 
second endite, not upon that of the third and fourth. Probably this indicates that 
the structure here called the exopodite is not homologous with that to which the 
same name is applied in recent Crustacea, but is a modified epipodite. In that 
connection it is interesting to note that Beecher attributes to it a respiratory 
function. If the foregoing theory be correct, the thoracic limbs of Trilobita present 
a very remarkable analogy to those of Decapoda, consisting as thej^ do of a sub- 
cylindrical, seven-jointed axis with a complex respiratoiy structure borne on the 
outside near the base. Unlike the podohranchs of the Decapoda, however, tlie 
epipodite of the Trilobita “contrives a double debt to pay” as gill and “exopodite.’ 

The foregoing interpretation of the limb of Triarthrus receives very interesting 
support from the arrangement of the parts of the mesosoniatic appendages of 
Limulns. Here the axis bears on its outer side three broad exites, separated from 
it and from one another by sutures to which correspond notches on the edge of tlie 
limb. (The first exite of the gill-hearing limbs is, upon its anterior face, divided 
into about a dozen strips by less-marked sutures, of which only two remain in the 
genital operculum.) That part of the axis which bears the first and second exites is 
unjoin ted, hut the third is attached to a well-marked segment, and beyond this two 
free joints form the apex of the limb. The first and second exites are crossed 
obi quely upon their hinder face by the gill-lamella?. It is pretty clear that they 
are epipodites, and a comparison at once suggests itself between them and the verv 
diflerently shaped “exopodite” which hears gill-lamellae in Triarthrns. The third 
exite in Limulns, sharplj' distinct from the .second, is no doubt the exopodite. 

The supposed biramous mouth-parts of Insecta are not so in reality, and 1 take 
this opportunity of retracting the view I have expressed on that point in my 
SMannal of Zoology’ (London, 1912). The lacinia and galea are, I now believe 
the third and fourth endites, and' the palp is the endopodite, ’ 

Proc, Zool, Soc, — 1917, Iso, lY. 
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this is succeeded by a sixth and a seventh, while in Cerataspis 
(text-fig. 15) the endopodite bears four endites, making eight 
altogether, besides the apical lobe in the position of the dactylo- 
podite. In the last two cases it is clear that the endopodite 
represents the whole distal part of the limb, and not, as has been 
supposed, the fifth or sixth endite only. 

For a detailed comparison of the jointed stem formed by the 
protopodite and endopodite of the birainous limb with the endite- 
bearing axis of the phyllopod appendage, it is necessary to find 
some fixed point of correspondence between members of the two 
series. It would be natural to look for this at the base of the limb, 
but the development of Penceus and other Decapoda, during which 
the basal joint of the appendages of the thorax recedes into the 
side of the body, is a warning against the use of such a method. 
On tlie othei' hand, the differences in the total number of endites 
in different limbs makes it useless to start a comparison from the 
distal end. The epipodites vary in number, and their homologies 
are doubtful, so that their points of attachment afibrd no reliable 
clue. There remains the flabellum-exopodite. It is unfortunate 
that the uncertainty which exists in regard to the homologies of 
the endites of Branchiopoda makes even the seat of the flabellnm 
a doubtful point in that group, but, as will be seen, what can 
be stated on this point is not without its uses in confirming the 
evidence of other classes. In the Anostraca (text-fig. 4) the 
flabellnm . is probably absent. In Conchostraca (text-fig. 5) it 
stands opposite the junction of the second and third endites of a 
series of six, but, quite possibly, these two members represent the 
third and fourth of the full series, the second, which is present 
in the Anostraca, being in Notostraca vestigial and in Conclio- 
straca either lost or fused with the third to form a single 
elongate lobe. In Notostraca (text-fig. 3), where the whole axis 
of the limb is more or less strongly segmented, the flabellum 
stands on the segment of what may be the third or the fourth 
endite. In the maxilla of the Malacostraca (text-figs. 14-18, and 
47) the situation is clear. Here the exopodite arises opposite the 
third and fourth endites, upon a region of the limb which may be 
un delimited, as in most Decapoda, but which is often marked oft' 
more or less completely to form a segment, as in Leptostraca 
(text-fig. 14), Mysidacea, Cumacea, Euphansiacea, and the decapod 
larva Anisocaris (text-fig. 17). Where there is no exopodite, 
as in Isopoda, Amphipoda, and Stomatopoda ^ (text-fig. 19), a 
segment with two endites is found in the same position on the 
maxilla as on that of the orders in which the limb bears an 
exopodite. The maxilla of (text-fig. 13) agrees remark- 

ably in structure with that of Malacostraca. Though it has no 

* III the maxilla of the Stomatopodn. the hasipodite is represented upon the 
outer side of the limb by a single sclerite, but the segment of the third endite is 
differentiated trom that of tlie fourth hy the possession of a sclerite of its own upon 
its hinder face. The structure of this rather puzzling limb is elucidated in text- 
hg. 19. it is interesting to note that the maxillary gland opens on the second 
joint, like the anteunaiy gland of Mysidacea and Amphipoda. 
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exopodite, there may be found in its proximal half a double 
segment bearing two endites. At first sight, the endites upon 
this segment appear to be the second and third, but the length 
of the segment which precedes it, and the position of the enclite 
upon the latter at its distal end, suggest at once that that is 
also a double segment, that here, as in Carides, the first endite 
has been lost, and that the second double segment therefore bears 
the third and fourth endites and is the basipodite. This 
impression is strengthened by the fact that beyond the segment 
with two endites there are five simple segments, as there are 
beyond the endites which represent the basipodite of Cerataspis 
(text-fig. 15), which, since in that respect it agrees with the 
thoracic limbs of Malacostraca, may be taken as indicating the 
original number of segments in this region in the malacostracan 
maxilla. In the maxillule of Calanus (text-fig. 20) the first 
endite is carried upon a fairly distinct segment, but the second, 
third, and fourth lie upon a region which is undivided save by 
an incomplete constriction, which marks off the distal portion of 


Text-figure 22. 


Text-figure 23, 




Maxillule of Lepas sp. 


Mandible of Lepidurus sp. 


it, where the fourth endite and the exopodite are borne. The 
maxilliped of Calanus (text-fig. 11) has a very short basal 
segment bearing the small first endite, a long second segment 
bearing the second, third, and fourth endites, and six distal 
segments, which is one more than might be expected. Meristic 
rearrangement has probably been at work in this portion of the 
limb^. The maxillule of Cypris (text-fig. 21), which curiously 
simulates the maxilla of Carides, seems, like the latter appendage, 
to have lost the first endite. If that be the case, the exopodite 
here stands opposite the third and fourth endites. The thoracic 
limbs of Nebalia (text-figs, 8, 9), though they present no endites. 


* An increase beyond the normal of the number of joints in a crnstacean limb 
may take place in three ways : (1) by the aunulation of the unsegmented apex of 
either branch of the limb to form a “flagellum,” as in antennae, thoracic exopodites, 
and pleopods of Malacostraca, etc. Three faint annulations upon the apical 
segment of the maxilla of Ccdanvs are probably of this nature; (2) by subdivision 
of a segment, as in the carpopodite of various Carides; (3) by resegmentation of a 
Umb or of part of it, as probably in the maxilliped of Calanus. 

4 ^ 
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are instructive in regard to the segmentation of the phyllopod 
limb. Here the number of the segments which are formed in the 
endopodite varies with the limb and with the age and sex of the 
individual. Nearly always the four distal segments can be made 
out, and often a fifth is to be found proximal to them, leaving a 
long basipodite, which is always clearly marked ofi* from the coxo- 
podite. Across the basipodite, distal to the exopodite, there 


Text-figure 24. 



Text-fig. 24. Mandible of Calanus sp. 

„ 25, Mandible of Ciipris sp. 

For lettering see p. 71. 

occasionally appears an additional joint, the faintest of the series, 
indicating the double nature of the segment'^'. 

* It is perfectly true that most of these segments are without muscles, but from 
that it does not follow that their evidence may be disregarded. Probably they are 
vestigial, having lost their eiidites, and not, as where the limb becomes subcjdmdrical, 
acquired a value of their own. The division of the basipodite probably occurs also 
in Anaspides (text-fig. 12), where, in the anterior thoracic limbs, the endopodite 
appears to contain six joints, but is flexed between the third and fourth of these, 
not between the second and third as in the Eucarida. It seems likely that the first 
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It appears, then, that the flabellimi-expodite, which in the 
nnjoiiited limb arises opposite the third and fourth endites, is, 
when the appendage becomes jointed, generally borne by a donble 
segment, representing those of both the lobes in question, but if, 
as occasionally happens, the two components of this segment 
become distinct, the exopodite may be found either upon the 
proximal of them {XehctUa etc.) or upon the distal (maxillule of 
Ccdanus^ ISTotostraca ?). Thus in the axis of the phyllopod limb 
the region of the third and fourth endites corresponds to the 
basipodite of the biramons limb, that of the first two endites to 
the rest of the protopod ite, and all that part which lies beyond 
the fourth endite to the endopodite. The donbleness of the basi- 
podite makes necessary certain terms for the distinction of its 
parts. Its two components may be known as the 'prohasi 2 '>odite 
and metahasipocUte, and when either of these alone acts as the 
basipodite by bearing the exopodite, it is a hemihasijyodite. In 
contradistinction to this the complete double joint may be called 
the symhasipodite. 


In the proximal part of the branchiopod limb, the most per- 
sistent of the epipodites stands opposite the second endite. The 
segment to which these structures belong is the coxopoclite. If 
other epipodites (pro-epipodites) be present, they stand in the 
region of the gnathobase. This region is the so-called “precoxa, 
or “ pleuropodite,’^ which may or may not have originally existed 
as a free joint in every biramous limb, but has noAV nearly always 


segment after tliat whicli bears the exopodite is here not the ischiopodite, but 
the second division of the basipodite, or, as it may be called, the metahasipodite^ 
If this be so, the question arises whether the basipodite be not divided “le 
Pericarida, whose thoracic endopodites also are flexed between the apparent th?rd 
and fourth joints. But in that case their apical joint must represent the fused 
propodite and dactylopodite. With Caiman, I am unable to regard tlm so-called 
“stylopodite ” as more than an enlarged, terminal spine. If it be one of the primary 
members of the axis of the limb, it must represent the apical lobe, and the total 
number of joints in the axis becomes ten, as in the maxilliped of Calanus* 


Text-figure 26, 


Text -figure 27. 



Mandible of Lepas sp. 


Mandible of jS’ehaJia' s\). 
For lettering see p. 71. 
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disappeared, either by fiision with the trunk or with the second 
joint, or perhaps sometimes by excalation. 

The fifth endite and those distal to it belong to that part of the 
limb which stands beyoud the attachment of the flabelliim, and 
represent the endopoclite of the biramous limb. The maxillae of 
Ceratas 2 ns and larval Natantia (text-figs. 15-18) seem to show 
that each of these endites is borne upon a portion of the limb 
which represents a single joint of the biramous appendage, and 
that the apical lobe is an inisegmented distal region of varying 
extent, corresponding to the dactylopodite and any adjacent 
segment or segments not represented by an endite. 


Text-figure 28. 



It is fair to assume that all these relations existed in the 
primitive crustacean appendage, and that the latter gave rise to 
the biramous limbs by a transformation in which the axis of the 
limb became jointed in the wa^Mndicated, the endites in great part 
or altogether disappeared, and the flabellum approximated in shape 
to the distal part of the axis and came to stand side by side with 
it at the end of the thii'd (or, if the precoxa were not separate, 
the second) joint of the limb. 

8. With the original phyllopod limb, thus reconstructed, the 
jaws of Malacostraca may be compared as follows : — In the 
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mandible, liomologues must be found for the molar process, the 
incisor process, and the palp. The molar process pretty clearly 
represents the mandible of the Branchiopoda, and through that 
the gnathobase of the phyllopod limb. The grinding-surface of 
the mandible of Chirocephalus (text-fig. 30) is covered by two 
comma-shaped patches of hue ridges, each ridge consisting of a 
row of tubercles, which perhaps represent the rows of stout 
bristles upon the end of the guathobases of the trunk-limbs of 
Notostraca (text-fig. 28). In places the ridges bear some hairs. 
The commas are revei’sed, so as to fit against one another, and 
one patch is narrower then the other and composed of coarser 
ridges. In view of its structure, position, and function, there 
can be little doubt that this organ is a specialized gnathobase. 


End view of maxillule of Lepas sp. End view of mandible of Chirocephalus sp. 

Two sets of ridges, very similar to those on the mandible of 
Chirocephalus^ may be recognized at the end of the molar process 
in Nehalla (text-fig. 31), though here one is of less extent than 
the other, and seems largely to have been replaced by rows of 
delicate hairs. Fine ridges, as may be seen in the figures given 
by various authors, exist also upon the molar processes of various 
Malacostraca {Anaspides^ Gammarus^ etc.). In the Decapoda a 
crescentic or comma-shaped set of serrated ridges is often present 
(text-figs. 32, 43), with or without patches of hairs and granules, 
though they tend to disappear, and the molar surface is often 
broken up into a small number of large lobes. The ridges vary 
greatly in width, degree of salience, and serration, but are often 


Text-figure 29. 


Text-figure 30. 
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iiuich like those of Xebalia (text-figs. 38-43). Clearly, we have 
here the mandible of ChirocepUahis in process of further evolution. 
The homology of the incisor process is more puzzling. No trace 
of it can be found in the Entomostraca. In Lepidurus (text- 
fig. 33) the end of the mandible, instead of being oval as in 
Chirocephcdm, is elongate, tapering to one end, and slightly 
curved. It is crossed by deep ridges, few in number, and marked 
each by a few coarse tubercles. The narrow end stands away 
fiom the rest, bears three or four teeth instead of the ridges on 
the wider paid, and somewhad suggests an incipient incisor 
process, but this is at the hinder end of the organ, whereas the 
incisor process of Malacostraca is anterior. It seems likely that 


Text-figure 31. 



End view of mandible of Nehalia sp. 
Eor lettering see p. 71. 


the biting-surface of the mandible of Notostmca represents one 
of the two sets of ridges found in the same position in Chiro- 
cephcdus. In Ccdanus (text-fig. 35) the condition is not dissimilar. 
The biting surface is narrow, elongate, tapering towards the 
ends, especially towards the hinder end, and crossed by coarse 
ridges, variously tnberculate. At the anterior end stands a 
structure which at first sight a little recalls the incisor process, 
but in an end view of the mandible this is seen to be only the 
first ridge, removed a little from the rest and connected with 
them by a flange. The mandible of Cypris (text-fig. 34) is of 
the same type, but the anterior ridge is less outstanding and not 
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Uniigeil to the next, tlie ridges nre more regular, the vnlle^^s 
between them ))efir spines, and at the liinder end there is not, as 
in Calanm^ a single long, fringed spine, but a pair. Probably 
the biting-surfaces of the mandibles of Calanus and Cyj^ris are 
homologous with one another and with that of Lepidtiras. The 
mandible of Lepas (text-figs. 26, 36) is a very different structure, 
thin, with a, sharp, toothed edge, and in side view very similar 
to the incisor pi*ocesses of certain Decapoda. It is crossed near 
the base by an articulation, and it seems possible that its toothed 
edge represents, not the gnathobase, but the second endite. On 
the other hand, the maxillule of the barnacle (text-figs. 22, 29), 
which appea,rs to be built on the same plan, is of a fair width at 
the end, and ci’ossed by short ridges, each bearing a row of five 
spines, vSo that this liml) forms a sort of transition from the 
i-idged condition of to that of Lepas. Unless the mandilde 

of the barnacles be homologous with the incisor process, the latter 


Text -figure 32. 



End view of immdihle of Desmocaris. 


For lettering see p. 71. 

is a structure peculiar to the Malacostraca, and not to be found 
even in rudiment upon the mandible of any other crustacean. 
Two modes of origin can be suggested for it. It may be regarded 
either as an outgrowth from the gnathobase or as repi-esenting 
the second endite. On the whole, the la tter is the more plausible 
view. From its first appearance in Xehalia (text-figs. 27, 31) 
this process has a knife-edge, quite xmlike the ridged surface of 
the molar process and its homologues, although it often comes to 
hear a row of teeth. As has been shown, there is no trace in 
pdiylogeny of its origin from the proximal part of the limb, and, 
though in ontogen}^ (as, for instance, in that of Penmus or the 
Stomatopoda) it and the molar process may originate from the 
same simple precursor, this is no more than the differentiation, 
in the course of development, of the rudiment of the appendage, 
and happens also in the case of the palp. If this view be correct, 
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the basal joint of the mancHble of Malacostraca corresponds to 
the fused precoxa and coxopodite. Those of Branchiopoda 
represent the precoxa only, the rest of the limb having dis- 
appeared. The basal segment of Copepoda, again, corresponds 
to no moi'e than the precoxa, the coxopodite being represented 


Text-figure 33. Text-figure 34. 



Text-fig. 33. End view of mandible of Lepidurus sp. 

„ 34. End view of mandible of Cypris sp. 

„ 35. End view of mandible of Calanus sp. 

„ 36. End view of mandible of Lepas sp. 


by the little segment between that which bears the biting- edge 
and that upon which stand the exopodite and endopodite in 
Calanus (text-fig. 24). In Ostracoda (text-fig. 25), it would seem, 
the coxopodite must either have been excalated altogether or 
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Lave fused with one of the adjoining segments. Tiie mandibular 
palp represents the remainder of the axis of the limb. Its first 
segment is undoubtedly the basipodite, though there is nothing 
to show wliether it is a ’complete symbasipodite. Often a joint 
divides the remaindei- into two parts, but these cannot be regarded 
as corresponding with any of the normal segments of the 
endopodite^. 

The mandible of the Crustacea is an exceedingly complicated, 
varied, and interesting organ, presenting many problems and 
worthy of a great deal more attention than it has received. 

Text-figure 37. Text-figure 39. 



Text-fig. 37. Left mandible of ILeander serratus. 

„ 38. End view of molar process of the same limb. 

„ 39. End view of right mandible of JLeander serratus. 

For lettering see p. 71. 

The lacinise of the malacostracan maxillule (text-fig. 46) repre- 
sent the first and third endites. This is suggested, though hardly 
proved, by the condition of the limb in Nehalia. Hansen has 
shown that in various other genera the laciniaB belong to the first 

* G. W. Smith (Q. J. M. S. liii., iii. p. 506, 1909) describes a mandibular palp 
in Faranaspides which would be quite unique among such structures in the 
Malacostraca, having four joints and an exopodite. 1 am unable to coufirni this. 
All the specimens in the British Museum have three joints and no trace of 
exopodite. 
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and third segments. In many Decapoda, as in Leanden' (text- 
fig, 46) the same fact is clear upon careful examination. I shall 
call the processes in question the inner and outer lacinke. The 
outwardly-directed lobe which is often present upon the first 
segment has been regarded by various authors as the exopodite, 
and the conclusion drawn that the part of the limb proximal to 
the basipodite is lacking. It is hard to see upon what evidence 
this view can be based. The exite is much more easily inter- 
preted as a proepipodite. It is represented in Leander by a hump 
upon the base of the first endite. 



Text-fig. iO. End view of left mandible of Conchodi/tes tridacnce, 

„ 41. End view of left molar process of Fericlimenes spiniferus. 

„ 42. Oblique view of end of right molar process of the same species, 

j, 43. Same view of right molar process of Saron marmoratiis. 


The two cleft lobes usually known as the ^Maciniss” of the 
maxilla (text-figs. 14-17) are each equivalent not, as has some- 
times been supposed, to one of the elementary segments of the 
limb, but to two, and thus they together represent the first four 
endites of the primitive limb. This interpretation is strongly 
suggested by such appendages as the maxillae of larval Penseides 
(text-fig. 16) and especially by that of Cerataspis (text-fig. 15), 
and is not contradicted by the fact that ai'ticulations ai'e often 
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Hot developed between tbe first and second or between the third 
and fourth segments — as, for instance, iw Anisocaris (text-fig. 17), 
wliicli is an instructive case of this condition. The first endite is 
frequently absent, whether or not its segment be present as a 
separate entity. In the Peracavida, the number of endites is 
generally I’educed in this way to three (or fewer, if another of 
them be absent), though the Mysidacea at first appear to form an 
exception. In 2lysis, however, closer examination reveals a con- 
dition which may be described as follows. The edge of the second 
segment proximal to its endite is rounded, meets the base of the 
endite in a notch, and bears a row of bristles which is continued 
from the notch across the origin of the endite. The notch forms 
an outline which simulates the cleft lobe formed in Eucarida by 
the first two endites. If this suggestion be- correct, the Mysi- 
dacea, hike other Peracavida, must be regarded as having lost the 
first endite of the maxilla. In Leptostraca (text-fig. 14), Anaspi- 
dacea, Stomatopoda (text-fig. 19), and typical members of the 
Eucarida (text-figs. 15-17), it is present. The degree to which 
the first and second, and again the second and third, endites are 
associated to form cleft lobes varies, and is highest in some 
Decapoda. I shall allude to these double structures — the so- 
called ‘‘lacinife” of the maxilla — as the first and second lobes. 
The first comprises the endites of the precoxa and coxopodite, 
the second those of the basipodite. The fifth endite is often 
represented in the adult by a slight swelling at the base of the 
endopodite. The exopodite (scaphognathite) is a little-modified 
fiabellum, and a small rounded lobe proximal to it in Eucarida 
perhaps represents the epipodite. 

In the first maxilliped of Decapoda (text-fig. 48) the third 
and second endites are distinct. The latter is often marked 
by a slight notch, which, however, is not likely to indicate the 
presence of the first endite, the precoxa being probably fused 
with the body in the thoracic segments of this group. In 
Anaspldes^ as is shown by the history of the development of the 
gill-rudiments (text-fig. 12), the first and second endites are both 
present, and the basal joint carries also two epipodites, from 
which it would appear that the precoxa in this genus is fused 
with the coxopodite. The Peracarida probably agree with 
Anaspides in this respect, as they have two epipodites (oostegite 
and gill) upon the basal joints of the thoracic limbs.- Endites 
may be present upon the endopodite of the maxilliped in the 
Peracarida, as in My sis (and perhaps also in Gammartts, but in 
the latter there is some doubt about the identity of the apparent 
ischiopodite which bears the endite in question : see footnote to 
p. 53). Knobs bearing bristles which sometimes appear upon 
the coxopodites of the second and third maxilliped of prawns 
(text-figs. 49, 50) may represent the second endite, and a similar 
knob in the sternal region at the base of the second maxilliped 
may be a vestige of the gnathobase. 
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III. 

1. The mandible of the False m on id se (text-fig. 37) is deeply 
cleft into two diverging processes, both directed obliquely towards 
the median plane of the body. One of these — the incisor process 
— is a thin structure, more or less ribbon-like in the Pontoniinse 
and Desmocciris (text-figs. 32, 40), but shorter and broader in 
Leander serratus (text- fig. 37). It trends, at its base, downwards, 
but curves inwards and at the same time twists its outer edge 
forwai'ds, so that, while at its base it is nearly vertical, with its 
width transverse to tlae body, at its free end it is nearly horizontal, 
with its width longitudinal to the body. The other — the molar 
process — is stout and subrectangular in section, and slants dorsally, 
to end somewhat obliquely truncated on the median plane. In 
the Pahemoninpe a delicate palp, usually three-jointed, stands on 
the anterior side of the limb, at the base of and just dorsal to the 
incisor process, along whose outer edge it cuiwes towards the 
middle line of the body. The only Pontoniinse which possess a 
mandibular palp are Urocaridella and Palcemonella . In these it 
is two-jointed. 

The incisor process of Pontoniinfe usually ends in three teeth, 
the midmost of which is shorter than the others, but there are 
sometimes more. Thus in Corcdliocaris jaj)onica there are four 
Oil one mandible and five on the other, and in Conchodytes 
tridacim (text-fig. 40) there are on one side five, nearly equal, 
and on the other six. In Leander serratus (text-fig. 45) there 
are two large teeth, with, on the right mandible one, and on the 
left two, smaller intermediate teeth. In IJesmocaris (text-fig. 32) 
there are four teeth on the right and five on the left mandible, 
those at the outer ends of the row being rather larger than the 
others. In each case the arrangement is not such that the teeth 
of the two sides can closely interlock. The molar process of 
most Palaemonidae (text-figs. 38-42) ends in a roughly square 
concave surface, around which is an incomplete wall composed of 
from four to six projecting lobes. Some of these have crescentic 
or horseshoe-shaped rims, with their open sides towards the 
middle of the process. Others are completely rimmed, but raised 
more on the outer side than on the inner. In Leander serratus 
(text-figs. 38, 39) there are four sharply distinct lobes. The lobes 
difier a good deal in shape, and there is only a general corre- 
spondence between those'^f the mandibles of the two sides. So 
fai‘ as this correspondence goes, it is not the mirror-likeness 
usually found in paired structures, but the two arrangements are 
reversed, so that there is a rough sort of interlocking. In 
L. serratus the lobes are only roughened in places. In the 
Pontoniinm one lobe, and part of the rest of the surface, bears a 
fur of bristles or is roughened by tubercles. This, I believe, is 
the last remains of the clothing of lulstles found on the end of 
the molar processes of other Carides, such as the Alpheidae. In 
the primitive Palasmonid Desmocaris (text-fig. 32) the process 


MOUTH PARTS OF THE PAL.EMONIU PRAWNS. 


63 


ends in a semicircular surface, wliicli bears a comma-shaped patch 
of serrated ridges. Sollaud, wlio called attention to the difference 
between the molar surfaces of Desmocaris and those of other 
Paljemonidte pointed out that these ridges also occur in the 
Acanthephyridse, and regarded them as a primitiv^e feature. In 
this he is probably right, since, as I have shown, a similar 
arrangement is found in N'ehalia and certain Brancbiopoda. In 
Amphibetteus and some Hippolytidre (text-fig. 43) part of the 
surface is covered with such ridges and part with bristles, and 
lobes of various shapes are appearing. We have here probably a 
transition from the ridged condition to that which is found, for 
instance, in Pontoniinae. 


Text-figure 44. 



Text-figure 45. 


Text-fig. 44. — Ventral view of mouth-parts of Leander serratus after removal 
of maxillipeds, maxillte, and left maxillule. 

Text-tig. 45. — The same after removal of maxillules and paragnatha. 

For lettering see p. 71. 

2. The mandibles lie (text-figs. 44, 45) in a chamber enclosed 
between the lips, the hood-like labrum standing in front of them, 
and the large bilobed metastoma behind, while the swollen bases 
of the mandibles themselves close in the chamber at the sides. 


C.R. Ao, Sci. clii. p. 91,3 (1911). 
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There are two openings to the lip-chamber — a narrow median 
slit between the lobes (paragnatha) of the metastoma and a wider 
transverse gap between the metastoma and the labrnm. The 
incisor processes close the transverse opening, meeting in the 
middle line. The molar processes meet deeper in the chamber, 
jnst under the opening of the gnllet. 

3. In the maxillnle (text-fig. 46), the inner lacinia, which is 
nsnally the narrower of the two, curves towards the outer and 
is provided with relatively feeble bristles. The outer lacinia has 
very stout, yellow bristles and is probably the onl^^^ structure, 
other than tlie mandible, which is capable of tearing the food. 
The endopodite is bifid at the tip, the proximal branch, which 
possibly represents an endite, being curved in a short spiral, the 
distal branch nearly straight. The maxillules stand close against 
the paragnatha (text-fig. 44), the laciniae of each opposed to those 
of the other across the median line, but not quite meeting them. 


Text-figure 46. 



Maxillnle of I^eander sermius. 
For lettering see p. 7i. 


Tlie inner lacinia? are just behind the cleft of the metastoma, 
the outer stand beside the cleft. The endopodite is directed 
outwards and hooks its curved process around the outer edge of 
the ]>aragnathum, which has a notch to receive it. Probably 
this gives a purchase for the action of the limb. 

4. In the maxilla (text-fig. 47), the first double lobe has 
disappeared and is represented only by a slight swelling of the 
edge of the limb. The second lobe is of good length, but tends 
to become simple in the Pontoniinae. In tliis respect it is very 
variable, the maxillae of the two sides sometimes diflfering in an 
individual. From the frequent occurrence of reduction in the 
lobes of this limb in the Oarides, it would seem that they are 
structures of no great physiological importance. The endopodite 
is of simple sliape, tapering distally, and the exopodite (scapho- 
gnathite) varies in shape and width with the gill-chamber, and 
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thus with the habit of body. The long bristles which fringe the 
scaphognathite are feathered, which probably makes the oigan 
more efficient in sweeping the gill-chamber. 


Text-figure 47. 



Maxilla of Leander serratus. 
For lettering- see p. 71. 

Text-figure 48. 


First maxilliped of Lemider serratus. 

For lettering see p. 71. 

5. In the first maxilliped (text-fig. 48), two endites— the 
second and third— are nearly always recognizable, and usually 
Proc. Zool. Soc. — 1917, No. Y. 5 
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separated by a very distinct notch. The notch in the proximal 
endite, though less distinct, can often be made out. The endo- 
podite is simple with a stout bristle near the top, and often 
indications of a joint a little further down. At the tip of the 
exopodite a few small joints may be present and at its base on 
the outer side is a fringed lobe (lobe a of Boas) which varies in 
width with tlie body and has perhaps some function in i*egard to 
the current which the scaphognathite sets up in the gill-chamber. 
Its bristles are feathered like those of the scaphognathite. The 
epipodite varies much in size, and its outer border is usually 
notched, 

6. In the second maxilliped (text-fig. 49), the main axis 
consists of six joints, the basipodite and ischiopodite being fused. 


Text-figure 49. 



Second maxilliped of Leander serraitis. 

For lettering see p. 71. 

The last two joints are bent strongly backwards on the inner 
side of the limb, so as to lie parallel with the ischiopodite, and, 
owing to the backward (morphologically forward) gi*owth of a 
process of the propod ite on the outer (morphologically inner) side 
of the dactylopodite, the latter. comes to lie along the median side 
of the former, instead of at its apex. Thus these two joints are 
compacted into a firm plate, which presents a long median 
margin, fringed with bristles, against its fellow of the opposite 
side. This is, of course, the typical caridean condition of the 
limb. The exopodite is obscurely annulate in the greater part of 
its length, and bears at the end a comparatively small number 
of true joints. The coxopodite carries on the outer side a simple 
epipodite (mastigobranch), at the base of which may be a gill 
{Lemider^ Urocarklella) or the vestige of one. On the median side 
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of the coxo|) 0 (lite is a knob, which beai s bristles, and may represent 
an endite. A sternal swelling which is sometimes present at the 
base of the coxopodite may represent a precoxal endite. 

7. The main axis of the third maxilliped (text-fig. 50) consists 
of four or five joints (five in Leancler and in Urocarldella, four in 


Text-figure 50. 



Third maxilliped of Lennder sevratus. 
For lettering see p. 71. 


most Pontoiiiinte), tlie propodite being always fused with the 
dactylopodite and the ischiopodite with the meropodite, and often 
also the basipodite with the ischiomeropodite, in which case the 
junction is genei*ally marked by a notch. The coxopodite beai’s 
on the outside a small rounded epipodite, and often on the inside 

5 ^ 
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a bristly knob which is perhaps an enclite. The exopoclite is 
obscurely annulate, and at its end there are usually a few longer 
segments which are sometimes true joints, but in other cases 
appear to be marked merely by a change in the wklth of the 
organ and the attachment of bristles. The ischiomeropodite is 
almost always more or less curved, with the concave side towards 
the middle line of the body. It is ribbon-like and shows in the 
Pontoniinge a tendency to widen. The curving of this joint 
brings the last two joints near to those of the fellow limb, so 


Text-figure 51. 



Ventral view of mouth-region of Leander serratiis, all mouth-parts 
being in place. 

that, wltile the ischiomeropodites lie at the sides of the mouth 
with a wide gap between them in which the second maxillipeds 
are exposed, the distal parts.of the limbs lie side by side in front 
of the mouth-region. A further complexity in the arrangement 
of the parts of the limb is brought about by the fact that the 
ischiomeropodites are twisted, so that the flat surface of the 
appendage, which in its distal part is in a horizontal plane, is in 
the proximal pai-t in a plane between the horizontal and the 
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vertical. This arrangement, combined with the pi'esence of a 
fringe of bristles along the inner edge of the limb, has the efiect 
of forming a kind of basket below the month- region, Availed in at 
the sides by the ischiomeropodites and by the bristles which 
project doAviiAvards and inwards from their edges. In Leander ^ 
there are bristles borne in a diagonal i*oav along the A^entral 
surface of the ischiomeropodite, and also upon lidges of the 
coxopodite, basipodite, and ischiopodite of the first leg (text- 
fig, 51 ), AAdiich complete the basket behind and beloAv, but these 
are less Avell developed or absent in Pontoniinse. In front of the 
mouth, the distal parts of the third maxillipeds, Avith their 
bristles, afford a surface, horizontally placed beloAV the antennal 
I'egion Avhile the appendages are outstretched, Avhich by bending 
can be brought A^entrally undei* the mouth so as to complete its 
enclosure anterioi'ly. The last joint often possesses along its 
inner side a thick brush composed of tufts of hairs moi*e close-set 
than the bristles of the I’est of the limb. This ari'angement, 
Avhich is particularly Avell developed in Leander^ has probably 
some special function, but I haA^e not been able to discover Avhat 
that may be. 

IV. 

1. It is not an easy matter to induce Leander to feed at a given 
moment, and still less so to observe Avhat it is doing Avhile it feeds. 
The animal aauU not take food if it is not hungry, if it is languid 
OAving to lack of aei'ation of the Avatei-, or if it is sufieiing from 
shock, though sometimes it Avill feed surprisingly soon after 
violent operations, such as the removal of limbs. I haA^e tried to 
observe the action of its jaAvs by means of a mirror, but Avithout 
much success. The best method is to fasten the praAvn upon its 
back in a shalloAv vessel of sea Avater by means of plasticine. It 
Avill often feed cpiite freely in this position, and its jaAvs can easily 
be reached Avith a needle. When it is feeding, small particles of 
food may be seized by the chelipeds of either pair, and by them 
conveyed to the mouth, Avhere they are generally received by the 
second maxillipeds, though sometimes they appear to be placed 
directly in charge of more dorsally placed structures, probably 
the-maxillules. A large morsel occasionally appears to be steadied 
by the legs of the second pair, Avhile those of the first tear off 
fragments and carry them to the jaAVs, but it is more often placed 
as a Avhole Avithin the grasp of the second maxillipeds, Avhich 
hold it in place while pieces are tom ofi’ it by deeper-lying organs, 
probably in the main by the incisor processes. In handling bulky 
masses of food, the chelipeds are assisted by the third maxillipeds, 
AA^hich bend back their last tAAm joints for this purpose. The third 

^ In tins genus, in which the bristles of the third inaxilliped are best developed, 
there may be made out three bands along the limb — an innei*, middle, and outer, 
perhaps corresponding to the marginal, submarginal, and lateral of the four series 
found bj’’ Claus in Nehalia (text-fig. 8, p. 42). Each band consists of a succession 
of little transverse rows. Towards the ends of the appendage the bands converge 
and become merged. 
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maxillipecls are also capable l)y the same action of scooping up 
food and unaided conveying it to the second maxillipeds, between 
which they sometimes thrust it with their tips. During these 
processes the basket which has been mentioned seems to serve 
the purpose of keeping the food under control till ,it has been 
seized by the second maxillipeds. These are very important 
organs, and play an indispensable part in passing food to the 
mandibles. The animal can still feed if the legs -and third 
maxillipeds have been removed, but if all the other organs be 
left and the second maxillipeds cut away it is apparently incapable 
of taking food. The second maxillipeds have three principal 
movements. In one, the broad flaps in which they end open 
downwards like a pair of doors, and with their stout fringes 
gather up the food ; in another they rotate in the horizontal plane 
to and from the middle line of the body and thus narrow or 
widen the gap between them ; in the third the bent distal part of 
the limbs tends to straighten so as to brush forward any object 
which lies between them. Frequently these move)uents are 
combined. Once the food is past the portals formed by the 
second maxillipeds its course is hard to trace, but the following 
seems to be its fate. If it be small in quantity and finely divided, 
or very soft, it is abandoned to the action of the maxillules, by 
whose strong, fringed lacinise it is swept forwards and probably 
caused to enter the mouth through the slit between the para- 
gnatha. The laeiniie can be moved separately, and the diflference 
between them, in shape and in the kind of bristles they bear, 
probably corresponds to some diflfei*ence in function. If the food 
be bulky or tough, the second maxillipeds assist the maxillules in 
brushing it forwards towards the incisor processes. The action 
of these latter is not so much a cutting as a process of tucking 
the food into the lip-chamber by first backing outwards and then 
moving inwards and rotating upwards. ISTo doubt, during this 
the food generally undergoes some tearing, and when the mass 
of it is large, pieces have to be torn from it befoi’e they can be 
swallowed. The palp does not appear to take any mechanical 
part in the process of feeding. If it has a sensory function this 
is probably not of great importance, for the organ is present and 
absent in closely related genera in many cases among Oarides. 
Finally, to enter the gullet, the food must pass between the 
molar processes and doubtless be pounded by them as it goes. 
Their concave ends are usually found to be clogged with a pasty 
matter. They must do their work very quickly, for the move- 
ment of the mandibles, as judged by that of the incisor processes, 
ceases very soon after the food leaves the latter. How SAvallowing 
takes place is not clear. Parker and Mocquard suggest that the 
food of Decapod crustaceans is caused to pass up the gullet by 
suction from the crop (stomach), but, as I have shown elsewhere *, 
the case of the land hermit-crabs of the genus Ccenohita throws 


* Gardiner’s ‘ Fauna of tlie Maldives,’ vol. i. p. 79 (1901). 
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doubt upon this explanation. It may be that the constrictor 
muscles of the cesophagus conduct the process. 

2. The first maxillipeds and the maxillje probably take no very 
prominent part in manipulating the food. The feeble lobes of 
the maxillce are in incessant movement to and from the middle 
line as they are carried inwards and outwards by the action of 
the scaphognathite. It seems not unlikely that their sole 
function is to regulate the motions of the latter. The large 
lacinia of the first maxilliped is a rather weak structure, with 
slender silky bristles, and is not strongly moved during feeding. 
Probably, by covering the lobes of the maxilla, it prevents them 
from being clogged by the food. 

The part played by the paragnatha seems to be a passive one. 

The labrum undergoes active movements, whose function is 
probably to aid in keeping the food under the action of the 
incisor processes. 

3. The exopodites of the maxillipeds are in constant rapid 
motion, setting up by their activity a strong current forwards 
from the mouth, doubt, this assists in carrying away the 
exhausted water from the gill-chambers and the excreta of the 
green glands poured out at the base of the antennae. But it has 
also a significance in the feeding process. From time to time 
particles are i-ejected by the second maxillipeds-, which kick them 
violently forwards, the distal parts of the third maxillipeds at 
the same time straightening so as to admit them to the outgoing 
stream, by which they are swept away. 


Explanation of Lettering of the Text-figures, 


1-8, endites or the primary segments 
which correspond to them. 

9, additional segment in the max- 
illiped of Calamis, 

1 2 I,, first and second lobes of maxilla 

of Decapoda. 

1 Ig., first leg of Leander. 

1 mxp., 2 mxp., 3 m.vp., first, second, and 
third maxillipeds of Leander, 
ap,, apical lobe. 

a. r., third or additional row of seta? 

on thoracic limb of KelaUa. 
ax., axis of parapodinm. 
bas., basipodite. 

b. is., basi-ischiopodite. 
b.m., base of mandible. 
ca?\, carpopodite. 
cox., coxopodite. 
dac., dactylopodite. 
d.c., dorsal cirrus. 
en., endopodite. 

ep., epipodite. 
e.r., exopodite. 

Jl., flabellum, 
g., gill of polychsete worm. 
gl., papilla for opening of maxillary 
gland of Stomatopoda. 
gr., groove across paragnathum of 
Leander. 


1., incisor process of mandible. 

i.l., inner lacinia of maxillule of 

Malacostraca. 

isc.mir., ischio-meropodite. 

1., labrum. . 

I/, side lobe of labrum. 

l. r., lateral row of setae. 

m. , molar pi ocess of mandible. 
ni.r., marginal row of setae. 
mer., meropodite. 

«., notch on paragnathum to 
receive endopodite of max- 
illule. 

o.h, outer lacinia of maxillule of 
Malacostraca. 
p., paragnathum. 
p.m., palp of mandible. 
pr.cx. precox.i. 
pr.ep., proepipodite. 
pro., propodite. 
pro.dac., pro-dactylopodite. 
r., r.', r.", ridges of segments of first leg 
of Leander. 

s. r., second side row of setae. 

s., subapical lobe. 

V.C., ventral cirrus. 

X., so-called “ exopodite ” of 
Triarfhrns. 




